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CHAPTER I 
INTRODUCTION 
Rapid separation of the midpalatal suture is now a routine treat-
ment procedure at Loyola University Department of Orthodontics. This 
procedure is being employed on cases of maxillary deficiency, unilateral 
crossbite and bilateral crossbite. It has been observed that immediately 
after completion of expansion an increase in available arch length is 
produced. A diastema between the maxillary central incisors ls created 
in every case in which true separ~tion of the midpalatal suture is accomp-
lished. The diastema produced is usually within the range of three to eight 
millimeters. Within two weeks after expansion is complete, the crowns of 
the central incisors start to converge toward the midline and the diastema 
is closed. The maxillary incisors appear to be in the same relation to 
one another as they were before expansion. Anterior crowding and broken 
contacts reappear and most of the arch length increase now appears to be 
lost. 
This study will attempt to explain why the apparent gain in arch 
length decreases after closure of the diastema between the central incisors. 
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CHAPTER II 
REVIEW OF LITERATURE 
Rapid expansion of the midpalatal suture has only recently become 
a routine procedure in orthodontic treatment. It was first introduced 
however, over 100 years ago. E.H. Angell (1860) fabricated a jack-screw 
appliance across the palate of a fourteen year old girl using the first 
and second bicuspids as anchorage on one side and the second bicuspid only 
on the other side. The patient turned the nut of the jack-screw twice a 
day. After two weeks, Angell noticed a space between tpe central incisors. 
He concluded that the maxillary bones had indeed been separated. The left 
lateral incisor which was in crossbite was in a normal relation after the 
expansion. 
McCUillen (1860) questioned the results saying " ... such a result 
appears exceedingly doubtful." He stated that this would be a dangerous 
procedure and would produce "••• serious disturbances in the surrounding 
hard and soft parts." 
Other clinicians attempted the procedure with varying degrees of 
success. J .D. White (1860) used an appliance attached to bicuspids and 
molars and activated by a spring. Hepburn (1862) and Kingly (1866) used 
rubber plates to widen the maxilla. Farrar (1878) used a screw o expand 
the palate but in 1888 reversed his position and warned against its use. 
Coffin used an expansion plate with a "W" spring made of piano wire. 
2 
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He vulcanized rubber around it in order to exert pressure against the sides 
of the palate. He removed the rubber in the midpalatal area, opened the 
spring and then placed it in the mouth. Bock (1888) and Goddard (1893) 
also used the Coffin Plate appliance and reported definite sutural open-
ing. G.V. Black (1893) used a jack-screw in a Coffin plate and obtained 
good results. 
Others who claimed sutural opening included G.V.I. Brown (1903), 
Ottolengui (1904), N.M. Black (1909), Landsberger (1910), Willis (1911), 
Babcock (1911), Barnes (1912), Pullen (1912), Schroeder-Benseler (1913) 
and others. Brown in 1903 showed regeneration of bone in the suture on 
radiographs. N.M. Black (1909) used dissection to show bone formation in 
the suture. Schroeder-Benseler (1913) produced better breathing on a nine 
year old girl and concluded that they had indeed opened the suture. 
Opponents to the procedure were also very definite in their opinions. 
Hawley (1912) used an expansion device on fifteen patients and concluded, 
after studying occlusal radiographs, that there was no actual opening of 
the suture. M. Dewey (1913) experimented on dogs and found no evidence 
to believe the suture had opened. However, in 1912 he concluded that the 
suture did in fact open after more dog experimentation. Federspiel (1912) 
claimed to have made incisions on six patients and reported no sutural 
opening. Cryer (1913) stated that because of the architecture of the sur-
rounding structures that it was anatomically impossible to open t~e mid-
palatal suture. 
E.A. Angle (1910) proposed a functional concept of development. He 
believed that by conservative orthodontic expansion of teeth into their 
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proper positions followed by vigorous function, bone would grow to support 
them. He also believed that this widening of the maxillary dental arch 
produced a widening of the nasal passages. This concept became widely 
accepted and led to discontinuance of palatal expansion procedures in this 
country in the third and fourth decades. 
In 1938, the trend began to reverse after Brodie published his find-
ings of a radiographic study of treated orthodontic cases. He stated 
that there was no evidence to indicate that orthodontic procedures pro-
duced changes in supporting bone. "Actual bone changes accompanying ortho-
dontic management seem to be restricted to the alveolar process." 
Harvold (1950) showed that all sutures adjacent the maxilla were ac-
tivated upon separation of the midpalstal suture. 
Derischweiler (1953) studied maxillary expansion on eighty patients 
and found the following to be true: 
1. Widening of the maxillae and nasal cavities. 
2. Palate and nasal floor lowers. 
3. The nasal septum straightens. 
4. Reduces the nasal wall and adenoids. 
5. Changes the patient from a mouth breather to a nasal breather. 
6. Created more space in the maxillary arch for the teeth. 
7. The mandible returns from a forced position to a normal position. 
Debbane (1958) found increases in intercanine width up to 8.~ mm. in 
cats. The maximum opening of midpalatal suture, however, was 0.7 mm. 
Haas (1958) has demonstrated by dissection and radiographically that 
the suture was opened. He was tXtremely interested in the diastema produced 
between the central incisors. "The explanation for the reaction of the 
central incisors to the spreading of the maxillae was the most challeng-
ing phenomenon in this study." His explanation is as follows: 
As the suture opens the roots diverge a greater distance than the 
crowns. After activation is ceased the roots continue to diverge while 
the crowns tipped toward the midline. After the crowns come together the 
roots began to move mesially toward their original axial inclination. 
Haas has also noted that the diastema between the central incisors 
is approximately one-half the distance that the screw has been activated. 
Derlschsweiler (1956) noticed the following changes: 
1. Increase in width of the maxillary arch. 
2. Increased width of the nasal cavity. 
3. Lowering of the palatal vault. 
4. Change from mouth breathing to nose breathing. 
5. Straightening of a deviated nasal septum. 
6. Buccal teeth did not tip, but moved bodily. 
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Thorne (1956) separated the palate on forty patients and found that a 
diastema occurs between the central incisors up to 5.2 mm. He also no-
ticed a tendency for clockwise rotation of the mandible. He also found 
tipping of the buccal teeth to occur. His study showed increases in 
apical base width and nasal cavity width. 
Korkhaus (1953) also noted that diastemas between the central inci-
sors are produced and that they closed within a few weeks. He felt this 
was primarily due to forces produced by transeptal fibers. Haas (1961) 
also believed that the diastema closed because of transeptal fibers 
linking all the teeth in the dental arch together. 
Debbane (1958) separated the midpalatal suture on cats. He found 
that a greater amount of separation of the midpalatal suture occured an-
teriorly and there was an abuse of separation in the area adjacent to the 
palative bones. 
Grobler (1959) listed four indications for palatal separation. They 
are: 
1. Bilateral crossbite 
2. Unilateral crossbite 
3. Severe Maxillary deficiency 
4. Severe crowding in cases where extraction of teeth should be 
avoided. 
Krebs (1959) studied palatal separation in patients using metallic 
implants. He found that the dental arch increased twice as much as the 
maxillary basal structure. He found that this was caused by lateral ro-
tation of the two maxillary segments. 
Cleall et al (1965) also showed that there was an outward rotation 
of the maxillary segments. They could find little evidence to indicate 
that the teeth were being tipped. This study was performed on cats. 
Histological sections showed little reaction of the periodontal tissues 
to the forces exerted on them by the expansion appliance. 
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Isaacson (1964) discovered that the forces generated by the expan-
sion screw were between 3 - 10 pounds. Forces of this magnitude, even 
though applied to the teeth, produced little tooth movement but did produce 
orthopedic changes. 
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Starnbach (1966) used monkeys in his study to show the effect of 
palatal separation on other sutural areas. They showed histological chan-
ges in the fronto-nasal, the zygomatico-maxillary and the zygomatico-
temporal sutures. They also showed that the buccal teeth had not been 
tipped and the maxillary segments rotated laterally to produce a more 
shallow palatal vault. 
Hoffer (1968) separated the midpalatal suture on Hacaca mulatta 
monkeys. He noted the following changes: 
1. The floor of the nose was widened and lowered. 
2. The buccal teeth were carried outward and upward. 
3. The external nasal area was broadened. 
4. New bone filled in the separated suture. 
5. The new bone was considered stable. 
Sugiyama (1968) separated the midpalatal suture on six Macaca mulatta 
monkeys and performed radiographic analyses. His findings showed that the 
separation of the midpalatal suture ranged from 1.5 to 6.0 nmi. The dental 
arch increases ranged from 3.5 to 7.0 mm. The palatal processes rotated 
outward resulting in lowering of the palatal vault. He observed no sig-
nificant tipping of the buccal teeth. He found no significant antero-
posterior movement of the premaxillary area in his analysis of lateral 
cephalograJ"'ls. 
Heflin (1969) evaluated the effect of rapid palatal expansion of 54 
patients. He employed cephalornetric analyses and concluded the following: 
1. No effect was produced on the cranial base. 
2. No significant anteroposterior movement of the maxilla noted. 
He did observe lateral rotation of the maxillary segments. 
3. A significant downward and backward rotation of the mandible 
occured. 
4. A temporary extrusive movement of the maxillary first permanent 
molars occured. 
5. The vertical dimension of the face increased significantly. 
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Haas (1970) states that as the mldpalatal suture opens, the maxilla 
always moves forward and downward. He calls attention to Sicher•s theory 
that the maxillocranlal sutures are all oriented in a downward and forward 
direction and that the maxilla is ''hafted" to the cranium by these sutures. 
Haas also states that the mandible always rotates downward and backward 
and the vertical dimension of the lower face increases. 
Although the rhinological aspects of separation of the mldpalatal 
suture are not directly related to the subject matter of this study, they 
have been studied in the past and may be of interest to the reader. 
According to Pfaff (1905), Eysell suggested that separation of the 
midpalatal suture may be adjunct to rhinological treatment (1886). 
G.V.I. Brown (1903) stated that better respiration, better sinus drainage, 
and improved speech often resulted from expansion of the midpalatal suture. 
Wright (1912) showed that in all his cases there was an increase in 
nasal capacity resulting in a greater ease in breathing. Lohman (1915) 
found better breathing habits after maxillary expansion and concluded that 
better breathing produces blood that is better oxygenated and therefore 
better general health. 
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Recently Wertz (1968) conducted a study measuring air flow through the 
nasal cavities. He used a nasal mask modified as an anemometer. The air 
volume was measured before and after expansion. Although the results of 
his study proved to be significant, he stated that opening of the midpa-
latal suture only for the purpose of increasing nasal capacity was not 
indicated. 
H.eas (1970) states that had Wertz used as ''maximum anchorage" appliance 
the results concerning increased nasal capacity may have been more convin-
cing. His study showed a mean increase of 4.1 mm. 
A. Selection of Cases 
CHAPTER III 
MATERIALS AND METHODS 
Thirty cases were selected from the clinic of Loyola University 
Department of Orthodontics. The selection of cases was based on the 
following: 
1. True separation of the midpalatal suture had occured. This was 
based on examination of occlusal radiographs and cast analysis 
indicating that obvious dlastemas between the maxillary central 
incisors had been produced. 
2. No arch wires were present during the process of sutural separation. 
3. No consideration was given to sex, race, or age of the patient. 
All cases studied, however, had a minimum of permanent first mo-
lars and permanent central and lateral incisors present. 
B. Appliances Used 
The tooth-tissue borne appliance as advocated by Haas was used on 
twenty-seven of the thirty patients studied. This appliance employs a 
Rocky Mountain "6-11" screw embedded in acrylic. The acrylic contacts the 
palate on either side of the midpalatal suture. Bands are placed on first 
molars and first premolars. Buccal bars are soldered from first molar 
band to first premolar band to insure stability. Each turn of the screw 
represents ~mm of expansion. The screw is activated two to four turns 
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upon insertion and the patient is then advised to turn the screw twice 
daily until expansion is completed. The appliance is used as a retainer 
from three to six months following completion of expansion. 
Three of the thirty cases were treated using the Hyrax appliance. 
This appliance is similar to the "Haal" appliance except that no acrylic 
is used. It is strictly a tooth borne appliance. Activation of this 
appliance is the same as above and no differences in results were noted. 
c. Records 
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Lateral Cephalometric radiographs taken in centric occlusion were 
used in this study. The radiographs analysed were divided into two groups. 
1. Pre-expansion: These were taken before insertion of the expan-
sion appliance. 
2. Post-expansion: These were taken after closure of the diastema 
between the central incisors had occured. 
The radiographs were taken on a Universal machine with a rotating 
anode. The film was placed 15 cm. from the subjects median sagittal 
plane. 
D. Tracing Technique 
All tracings were made on matte acetate paper using a "3-H" pencil. 
Angular measurements were made to the nearest 0.5 degree and linear measure-
ments to the nearest 0.5 mm. All tracings were made in a dark room. The 
only source of illumination was that of the view box. 
E. Cephalometric Landmarks and Lines 
The following landmarks as defined by Salzmann (1966) were employed: 
---
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1. Sella (S.). The center of sella turcica. 
2. Nasion (N.). The middle point on the frontonasal suture inter-
sected by the median sagittal plane. 
3. Porion (P.). The upper edge of the external auditory meatus. 
4. Orbitale (o.). The lowest point on the orbit directly below 
the pupil. 
s. Anterior Nasal Spine (ANS.). The median, sharp bony process of 
the maxilla at the lowest point of the anterior nasal opening. 
6. Posterior Nasal Spine (PNS.). The process formed by the pro-
jecting ends of the posterior borders of the palatal processes 
of the palatine bones. 
7. Subspinale (A-point). The deepest point on the midline contour 
of the maxillary alveolar process between anterior nasal spine 
and prosthion. 
The following were used: 
1. s.-N. Line. The line connecting sella with Nasion (anterior 
cranal base). 
2. Frankfort Horizontal Line. (F.H.) A line from the superior 
margin of the acoustic meatus to orbitale. 
3. Palatal Line. A line connecting anterior nasal spine with pos-
terior nasal spine. 
4. N.-A. Line. A line from Nasion to A-point. 
5. Long Axis of the maxillary incisor (!). A line connecting the 
midpoint of the incisal edge to the apex of the root. 
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F. t·ieasurements Recorded 
The following angles were recorded to the nearest 0.5 degree. 
1. Long axis of 1 to S.N. 
2. Long axis of 1 to F.H. 
3. Long axis of 1 to palatal plane. 
The following linear measurements were made to the nearest 0.5 mm. 
l. A perpendicular was drawn from the N.A. line to the height of 
contour of the maxillary central incisor. 
All measurements were made using a Unitel< Cephalometric protractor 
as designed by Dr. A. T. Baum. 
G. Control Tracings 
A typical lateral cephalometric roentgenogram was traced five times 
under the same conditions and measurements were recorded in order to de-
termine whether or not appreciabl~ error in techr:ic;ue: alone could be 
established. 
H. Statistical Analysis 
Student "t" tests were perforrried on pre-expansion and post-expansion 
data. :Mean values and standard deviation were calculated on each pre-
expansion and post-expansion measurerr.ent. These figures were then com-
pared in order to determine the statistical significance of the changes 
recorded. 
CHAPTER IV 
RT::SULTS 
Measurements obtained from the lateral cephalometric roentgenograms 
showed changes in the position of the maxillary central incisors. 
The angulation of the maxillary central incisor to the s.N. line 
decreased in 24 cases, increased in 3 cases and remained the same in 3 
cases. The angulation of the maxillary central incisor to the Frankfort 
line decreased in 27 cases and increased in 3 cases. The angulation of 
the maxillary central incisor to the palatal plane decreased in 23 cases, 
increased in 5 cases and remained the same in 2 cases. The linear measure-
ment of the height of contour of the maxillary central incisor to the 
N.A. line decreased in 22 cases, increased in l case and remained the 
same in 7 cases (Table I). 
The angulatlon of the maxillary central incisor to the S.N. line 
showed an average decrease of 3.1 degrees. The angulation of the maxil-
lary central incisor to the Frankfort line showed an average decrease of 
3.3 degrees. The angulation of the maxillary central incisor to the 
palatal plane showed an average decrease of 3.0 degrees. The linear 
measurement of the height of contour of the maxillary central incisor to 
the N.A. line showed an average decrease of 1.1 mm. 
Student "~'tests comparing pre-expansion and post-expansion measure-
ments showed significant changes in all measurements (Table II). The 
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Maxillary centra 1 incisor to the s.N. line showed a "t" value of 2.175 
and a probability of .OS)P).01. The maxillary central incisor to the 
Frankfort line showed a "t" value of 2.085 and a probability of .os)P).01. 
The maxillary central incisor to the palatal plane showed a "t" value 
of 1.808 and a probability of .os)P).01. The most significant finding 
was the linear measurement from the height of contour of the maxillary 
incisor to the N.A. line. It showed a "t" value of 2.427 and a probabi-
lity of .Ol7)P).oos. 
The control tracings were measured and indicated that the maximum 
variance from the mean was 0.6 degrees in the angular measurements and 
0.3 mm. in the linear measurements (Table III). 
\ II' 
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TABLE I 
DIRECTION OF CHANGES BEFORE AND AFTER PALATAL EXPANSION 
l 
-
S.N. 
Decreased 
• • • • • • • • • • • • • • 
24 cases 
Increased • • • • • • • • • • • • • • • 3 cases 
Remained same • • • • • • • • • • • 3 cases 
l 
-
F.H. 
Decreased 
• • • • • • • • • • • 
27 cases 
Increased • • • • • • • • • • • • • • • • • • 3 cases 
Remained same • • • • • • • • • • • • • • 0 cases 
l 
-
P.P. 
Decreased . • • • • • • • • • • • • • • 23 cases 
Increased • • • • • • • • • • • • • 5 cases 
Remained same • • • • • • • • • • • • • • 2 cases 
l 
-
N.A. 
Decreased . • • • • • • • • 22 cases 
Increased • • • • • • • • • • 1 case 
Remained same • • • • • • • • • • • • • • 7 cases 
TABLE II 
MEAN VALUES BEFORE AND AFTER PALATAL SEPARATIONa 
"t" VALUE A.'ID PROBABILITY 
MEASUREMI:NT MEAN "t"VALUE 
Pre-Expansion Post-Expansion 
l S.N. 0 102.4 ... 5.5 0 99.31 .:!:. 5.4 2.175 
l F.H. 0 112.2 .:!:. 6.1 0 108.9 .:!: 6.0 2.085 
1 P.P. 103° + 6.7 0 107.3 .:!: 6.0 1.808 
1 N.A. 6.Smm + t.t~ 5.4nun + 1.9 2.427 
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PROBABILITY 
.05} p ).01 
.o5>P>.01 
.05)P >.Ol 
.011> P >.oos 
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TABLE III 
CONTROL MEASUREMENTS 
FIRST SECOND THIRD FOURTH FIFTH 
TRACING TRACING TRACING TRACING TRACING 
1. S.N. 91° 92° 9"0 .t. 92° 91.5° 
! F.H. 105° 105.5° 106° 106° 105.5° 
1 P. P. 104° 103.5° 104° 104.5° 104° 
1 3.5 mm 3.5 mm 3 Jll1l1 3 nun 3.5 mm 
Mean Values 
1 s.N. 91.7° 
! F.H. 105.6° 
! P.P • 104.0° 
.!. N.A. 3.3 mm 
CHAPTER V 
DISCUSSION 
The angulation of the maxillary central incisor to the S.N. line, the 
Frankfort line and the palatal plane have been shown to decrease signifi-
cantly. The linear measurement of the maxillary central incisor to the 
N.A. line also showed a significant decrease. 
The author can surmise the following reasons for these changes. A 
diastema is produced between the central incisors. This diastema closes 
rapidly after appliance activation ceases. The original mesiodlstal re-
lationship of the maxillary incisors to one another reoccurs. Haas (1961) 
and others believe that transeptal fibers are responsible for this closure. 
This necessitates movement of the incisor crowns into a shorter mesio-
distal arc. In other words, the crowns would have to move lingually. 
Another explanation to be considered is that the maxilla is moving forward 
as Haas (1961) showed. This would upset the balance of the perioral 
musculature. Forces would be placed against the crowns of the maxillary 
incisors by the orbicularls oris muscle and would then produce a tipping 
movement of maxillay incisors in a lingual direction until muscular equi-
librium is restored. It must be stated that these explanations are strictly 
opinions of the author and not based upon scientific findings. It is the 
author's opinion that both of the above mentioned explanations contribute 
to the lingual movement of the incisor crowns. 
19 
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The angulation of the maxillary central incisor to the s.N. line and 
Frankfort line did increase in 3 cases and increased in 5 cases when rela-
ted to the palatal plane. The linear measurement of the maxillary central 
incisor to the N.A. line increased in one case. The author can offer no 
explanation for these changes. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
Thirty cases treated by separation of the midpalatal suture were 
selected from the Department of Orthodontics of Loyola University School 
of Dentistry. Lateral cephalometric roentgenograms were compared before 
separation and after closure of the diastema between the maxillary central 
incisors which had been produced by separation of the midpalatal suture. 
The analysis of lateral cephalometric roentgenograms showed the 
following: 
1. The angulatlon of the maxillary central incisor to the s.N. line 
decreased in 24 cases and showed an average change of -3.1 degrees. 
2. The angulation of the maxillary central incisors to the Frankfort 
line decreased ln 27 cases and showed an average change of -3.3 
degrees. 
3. The angulation of the maxillary central incisor to the palatal 
plane decreased in 23 cases and showed an average change of -3.0 
degrees. 
4. The linear measurement of the height of contour of the maxillary 
incisor to the N.A. line decreased in 22 cases and showed an 
average change of 1.1 mm. 
21 
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APPE!'-i"DIX 
DATA COLL:CCTED 
Case No. Measurement Pre-Dq~ans ion Post-Ex2ans ion 
1. l S.N. 95° 92° 
l F.H. 103.5° 100° 
l P.P. 101° 98.5° 
l N.A. 3.5 mm 2 mm 
2. !. S.N. 98° 92.5° 
l F.H. 106° 101° 
l P.P. 103.5° 99° 
l N.A. 6.5 mm 4.5 mm 
3. l S.N. 104° 102.5° 
l F.H. 113.5° 111° 
1 P.P. 106.5° 106° 
l N.A. 8.5 mm 5.5 mm 
4. 1 S.N. 109.5° 105.5° 
l F.H. 114° ll0° 
1 P.P. 116.5° 113° 
l N.A 11.5 mm B.5 mm 
28 
Case No. Measurement Pre-Expansion Post-Expansion 
s. l S.N. 86° 87° 
.!. F.H. 96° 96.5° 
l P.P. 93° 94.5° 
l N.A. 2.5 mm 2.5 nun 
6. l S.N. 100° 98° 
1 F.H. 111° 108° 
l P.P. 104° 107° 
l N.A. 5 mm 8 mm 
7. l S.N. 106.5° 100° 
l F.H. 116° 109.5° 
.!. P.P. 110° 105° 
LN.A. 5 mm 4 mm 
a. .!. S.N. 101° 102° 
.!. F.H. 117° 118° 
l P.P. 112.5° 113. 5° 
.!. N.A. 5.5 mm 5 nun 
9. .!. S.N. 101° 96° 
.!. F.H. 116.5 0 lll 0 
.!. P.P. 114° 109° 
.!. N.A. 5 mm 4 mm 
29 
Case No. Measurement Pre-Exeansion Post-ExEansion 
10. l S.N. 104.5° 98° 
l F.H. 120° 113.5° 
l P.P. 114° 106° 
l N.A. 8.5 mm 6 mm 
11. l S.N. 110° 104° 
l F.H 116° 108° 
l P.P. 104.5° 105° 
l N.A. 9 mm 8 mm 
12. l S.N. 101° 98° 
l F.H. 110° 106° 
l P.P. 112.5° 105° 
l N.A. 7.5 mm 6 mm 
13. l S.N. 105° 101° 
l F.H. ll2° 109° 
l P.P. 117 .s0 111.5° 
l N.A. 5.5 mm 5.5 mm 
14. l S.N. 101.5° 99° 
_l F .H. 107.5° 106° 
l P.P. 111.5° 110° 
l N.A. 6 mm 5 mm 
30 
Case No. Measurement Pre-~2ansion Post-Dq~ans ion 
15. l S.N. 102° 95.5° 
l F.H. 109.5° 104° 
l P.P. 105° 101° 
l N.A. 6.5 nun 5.5 mm 
16. l S.N. 103° 101° 
l F.H. 115° 113.5° 
l P.P. 113° 111° 
l N.A. 7 mm 7 nnn 
17. l S.N. 91.5° 88.5° 
l F.H. 98.5° 96° 
! P.P. 100.5° 97° II ,, 
l N.A. 5 mm 4 r.nn i 
18, l S.N. 112° 106° 
l F.H. 120° 115° 
! P.P. 122° 114. s0 
l N.A. 7 mm 5.5 nun 
19. l S.N. 98° 98° 
l F.H. 107° 105° 
110° 109° 
!' 
! P.P. 
! N.A. 3 mm 2 mm 
31 
Case No. Measurement Pre-r::xeansion Post-Ex2ansion 
20. l S.N. 103.5° 104° 
l F.H. 120° 121° 
l P.P. 114° 115° 
l N.A. 8 mm 8 mm 
21. l S.N. 107.5° 104° 
l F.H. 114.5° 112° 
l P.P. 118.5° 115° 
l N.A. 5.5 mm 5 mm 
22. l S.N. 106° 99° 
l F.H. 112° 104.5° 
l P.P. 116° 108.5° 
l N.A. 5 mm 3 mm 
23. l S.N. ll5° 111. 5° 
l F.H. 118° 114° 
l P.P. 121° 117° 
l N.A. 5 Il'Ull 5 mm 
24. l S.N. 103° 101° 
l F.H. 114° 111.5° 
l P.P. 115° 112° 
l N.A. 6 mm 6 mm 
32 
Case No. Measurement Pre-Ex2ansion Post- Ex Eans ion 
25. l S.N. 100° 100° 
l F.H. 110.5° lll0 
l P.P. 103.5° 103.5° 
l N.A. 5 mm 4.5 mm 
26. l S.N. 103° 108° 
! F.H. 120° 119° 
l P.P. 114° 114° 
l N.A. s.s mm 7.5 mm 
27. l S.N. 104.5° 101° 
1 F .H. 116° 112. 5° 
! P.P. 116° 112.5° 
l N.A. 8 nnn 8 mm 
28. l S.N. 103° 97.5° 
l F.H. ll5° 109° 
1 P.P. 108° 101° 
l N.A. s.s nun 3.5 mm 
29. l S.N. 93° 920 
1 F.H. 103° 101° 
1 P.P. 102° 100° 
l N.A. 7 mm 5 :rnm 
33 
Case No. :Measurement Pre-Ex:eansion Post-ExEansion 
30. 1 S.N. 101° 97° 
l F .H. 115° 110° 
1 P.P. 110° 105° 
1 N.A. 10 mm 9 mm 
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